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(54)  Method  for  mounting  an  electronic  component  on  a  wiring  substrate  and  an  illuminated 
switch  unit  using  this  mounting  method 

(57)  An  insulating  film  3  is  provided  with  an  opening 
4  whose  size  is  equivalent  to  or  slightly  smaller  than  the 
outer  configuration  of  electronic  component  5.  A  con- 
ductive  pattern  2  is  formed  on  insulating  substrate  1  .  Af- 
ter  forcibly  inserting  the  main  body  of  electronic  compo- 
nent  5  into  said  opening  4,  terminals  6  are  put  between 

insulating  film  3  and  insulating  substrate  1  and  disposed 
in  such  a  manner  that  terminals  6  are  brought  into  con- 
tact  with  conductive  pattern  2.  Then,  insulating  film  3  is 
connected  with  insulating  substrate  1  by  soldering  them 
in  a  region  surrounding  terminals  6,  thereby  firmly  fixing 
terminals  6  of  electronic  component  5  on  conductive 
pattern  2. 

F I G .   1 A  

\  / / / / / /   A  

J 7 t  

/ / / / / '   / z a  

 ̂ A 

4 ~ 2  

'1 

CM 
<  
CM 

CO 
^> 
Is- 
o  
a .  
LU 

Printed  by  Jouve,  75001  PARIS  (FR) (Cont.  next  page) 



EP  0  748  152  A2 

F I G .   1 3  

v r r r y r >   , , , ,   ,  w w t w  

F I G .   1 C  

2 



EP  0  748  152  A2 

Description 

This  invention  generally  relates  to  a  method  for  mounting  an  electronic  component  on  a  wiring  substrate,  preferably 
applied  to  electronic  components  when  they  are  mounted  on  wiring  substrates  and  incorporated  in  operational  panels 

5  for  various  electronic  devices,  and  also  relates  to  an  illuminated  switch  unit  using  this  mounting  method. 
Recently,  to  use  various  electronic  devices  as  portable  devices,  or  to  concentrate  multiple  functions,  downsizing 

of  these  electronic  devices  is  desired.  In  this  respect,  a  need  for  a  flexible  wiring  substrate  (hereinafter  referred  to  as 
FPC)  is  rapidly  increasing  because  FPC  is  thin  in  width  and  light  in  weight,  and  further  FPC  assures  a  flexible  wiring 
on  a  curved  surface  or  in  a  narrow  space  of  a  given  body. 

10  So-called  "printed  FPC"  is  a  conventionally  known  FPC  which  has  a  base  of  polyester  film  and  a  conductive  circuit 
pattern  formed  thereon  by  the  screen  printing  using  silver  resin  group  paste.  According  to  such  a  printed  FPC,  it  is 
advantageous  that  FPC  itself  can  be  manufactured  with  low  costs,  however  it  is  impossible  to  directly  solder  electronic 
components  on  the  silver  resin  group  paste.  The  Unexamined  Japanese  Patent  Application  No.  HEI  2-79493,  published 
in  1  990,  discloses  a  mounting  method  applicable  to  such  a  printed  FPC.  According  to  this  mounting  method,  terminals 

is  of  various  electronic  components  are  connected  by  conductive  adhesive,  then  the  terminals  are  covered  by  a  reinforcing 
board.  Subsequently,  a  local  melting  or  partial  fusion  is  caused  between  a  flexible  board  and  the  reinforcing  board,  to 
mount  and  fix  the  electronic  components. 

Furthermore,  the  Unexamined  Japanese  Patent  application  No.  HEI  7-7249,  published  in  1  995,  discloses  a  method 
of  connecting  terminals  by  conductive  adhesive,  interposing  electronic  components  between  upper  and  lower  films, 

20  and  locally  fusing  these  upper  and  lower  films  to  mount  and  fix  the  electronic  components. 
However,  the  above-described  electronic  component  mounting  methods  have  the  following  disadvantages. 
The  former  mounting  method  restricts  the  terminal  length  of  each  electronic  component.  Hence,  if  a  short  terminal 

is  used,  it  will  be  very  difficult  to  increase  the  positional  accuracy  in  the  mounting  operation  of  an  electronic  component, 
and  an  obtainable  fixing  strength  will  be  weak. 

25  On  the  other  hand,  the  latter  mounting  method  requires  a  wide  mounting  area  and  possibly  enlarges  the  overall 
thickness  of  the  mounting  substrate. 

Accordingly,  in  view  of  above-described  problems  encountered  in  the  prior  art,  an  aim  of  the  present  invention  is 
to  provide  a  method  for  mounting  an  electronic  component  on  a  wiring  substrate,  which  is  capable  of  simplifying  the 
component  mounting  steps,  increasing  accuracy  of  the  mounting  position,  enhancing  the  reliability  in  electric  conduc- 

30  tivity,  increasing  the  fixing  strength,  and  ensuring  and  facilitating  the  mounting  of  each  electronic  component  on  the 
wring  substrate,  and  further  another  aim  of  the  present  invention  is  to  provide  an  illuminated  switch  unit  using  this 
mounting  method. 

The  present  invention  provides  a  method  for  mounting  an  electronic  component  on  a  wiring  substrate.  According 
to  this  method,  a  main  body  of  an  electronic  component  is  forcibly  inserted  into  an  opening  of  an  insulating  film  from 

35  bottom.  The  electronic  component  has  terminals  extending  from  ends  of  a  bottom  surface  thereof.  The  insulating  film 
is  made  of  a  resilient  member.  The  opening  of  the  insulating  film  has  a  size  equivalent  to  or  slightly  smaller  than  the 
outer  configuration  of  the  main  body  of  the  electronic  component.  Then,  the  electronic  component  held  by  the  insulating 
film  is  placed  on  an  insulating  substrate,  and  the  terminals  of  the  electronic  component  are  brought  into  contact  with 
a  conductive  pattern  formed  on  the  insulating  substrate.  And  finally,  the  insulating  film  and  the  insulating  substrate  are 

40  connected  with  each  other  by  locally  soldering  a  region  surrounding  the  terminals  of  the  electronic  component,  thereby 
mounting  the  electronic  component  on  the  insulating  substrate. 

According  to  features  of  preferred  embodiments  of  the  present  invention,  it  is  preferable  that  a  thermohardening 
insulating  layer  having  thermoplastic  or  heating  adhesive  property  is  formed  on  each  of  the  insulating  film  and  the 
insulating  substrate,  and  the  insulating  film  and  the  insulating  substrate  are  connected  by  locally  soldering  thermo- 

45  hardening  insulating  layers  formed  on  the  insulating  film  and  the  insulating  substrate. 
It  is  also  preferable  that  a  bendable  portion  is  formed  along  the  opening  of  the  insulating  film,  so  that  the  main 

body  of  the  electronic  component  can  be  held  at  its  side  surfaces  to  the  opening  through  the  bendable  portion. 
Still  further,  it  is  preferable  that  a  recessed  portion  is  formed  on  the  insulating  film  by  embossing  finish.  This  re- 

cessed  portion  has  a  size  equivalent  to  or  slightly  smaller  than  the  outer  configuration  of  the  main  body  of  the  electronic 
so  component,  and  the  main  body  of  the  electronic  component  is  held  in  the  recessed  portion  by  forcibly  entering  the 

main  body  into  the  recessed  portion. 
Yet  further,  it  is  preferable  that  the  insulating  film  holds  a  light  emitting  device  in  the  opening,  the  insulating  film 

comprises  a  switch  portion  formed  into  a  collapsible  dome  shape,  a  movable  contact  is  attached  on  the  lower  surface 
of  the  switch  portion,  terminals  of  the  light  emitting  device  are  brought  into  contact  with  the  conductive  pattern,  and  a 

55  stationary  contact  is  provided  on  the  insulating  substrate  so  as  to  face  with  the  movable  contact. 
The  above  and  other  features  and  advantages  of  the  present  invention  will  become  more  apparent  from  the  fol- 

lowing  detailed  description  of  exemplary  embodiments  and  the  accompanying  drawings,  in  which: 

3 
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Figs.  1A  through  1C  are  cross-sectional  side  views  sequentially  illustrating  a  method  for  mounting  an  electronic 
component  on  a  wiring  substrate  in  accordance  with  a  first  embodiment  of  the  present  invention; 
Fig.  2A  is  a  perspective  view  illustrating  the  mounting  method  of  the  first  embodiment  of  the  present  invention; 
Fig.  2B  is  a  plan  view  showing  the  electronic  component  after  it  is  mounted  on  the  wiring  substrate; 

5  Fig.  2C  is  a  cross-sectional  side  view,  taken  along  a  line  A-A  of  Fig.  2B; 
Fig.  3  is  a  cross-sectional  side  view  illustrating  a  method  for  mounting  an  electronic  component  on  a  wiring  substrate 
in  accordance  with  a  second  embodiment  of  the  present  invention; 
Fig.  4  is  a  cross-sectional  side  view  illustrating  a  method  for  mounting  an  electronic  component  on  a  wiring  substrate 
in  accordance  with  a  third  embodiment  of  the  present  invention; 

10  Figs.  5A  and  5B  are  plan  views  illustrating  a  method  for  mounting  an  electronic  component  on  a  wiring  substrate 
in  accordance  with  a  fourth  embodiment  of  the  present  invention;  and 
Fig.  6  is  a  cross-sectional  side  view  illustrating  an  illuminating  switch  unit  manufactured  in  accordance  with  the 
mounting  method  of  the  present  invention. 

is  Preferred  embodiments  of  the  present  invention  will  be  explained  in  greater  detail  hereinafter,  with  reference  to 
the  accompanying  drawings.  Identical  parts  are  denoted  by  the  same  identical  reference  numeral  throughout  views. 

First  Embodiment 

20  A  method  for  mounting  an  electronic  component  on  a  wiring  substrate  will  be  explained  in  accordance  with  a  first 
embodiment  of  the  present  invention  with  reference  to  Figs.  1A-1C  and  2A-2C. 

In  Figs.  1A  and  2A,  reference  numeral  1  represents  a  thermoplastic  or  thermohardening  insulating  substrate.  A 
conductive  pattern  2  is  formed  on  the  upper  surface  of  this  insulating  substrate  1  by  the  screen  printing  or  the  like. 
Reference  numeral  3  represents  a  thermoplastic  or  thermohardening  insulating  film,  which  is  resiliently  deformable. 

25  An  opening  4  is  opened  on  this  insulating  film  3.  The  size  of  opening  4  is  substantially  equivalent  to  or  slightly  smaller 
than  the  outer  configuration  of  the  main  body  of  an  electronic  component  5  which  has  terminals  6  at  opposing  ends  of 
the  bottom  surface  thereof. 

With  this  arrangement,  as  shown  in  Fig.  1  B  and  by  an  arrow  "X"  of  Fig.  2A,  the  main  body  of  electronic  component 
5  is  first  forcibly  inserted  or  engaged  into  opening  4  formed  on  insulating  film  3.  Next,  as  shown  in  Fig.  1C  and  by  an 

30  arrow  "Y"  of  Fig.  2A,  insulating  film  3  is  laid  or  placed  on  insulating  substrate  1  by  putting  terminals  6  of  electronic 
component  5  between  insulating  film  3  and  insulating  substrate  1,  so  that  terminals  6  of  electronic  component  5  are 
brought  into  electrical  contact  with  predetermined  positions  of  conductive  pattern  2  on  insulating  substrate  1  .  Thereafter, 
as  shown  in  Figs.  2B  and  2C,  insulating  film  3  and  insulating  substrate  1  are  locally  fused  and  welded  at  predetermined 
welding  portions  7  provided  in  the  vicinity  of  terminals  6.  Thus,  terminals  6  and  conductive  pattern  2  are  firmly  fixed 

35  with  each  other. 
As  described  above,  according  to  the  method  of  mounting  an  electronic  component  on  a  wiring  substrate  in  ac- 

cordance  with  the  present  invention,  electronic  component  5  is  press-fitted  into  opening  4  provided  on  insulating  film 
3  and  positioned  there.  This  press-fitting  can  be  easily  done  without  using  an  expensive  mounting  machine.  And,  as 
shown  in  later-described  Table  1  ,  the  mounting  accuracy  can  be  maintained  in  the  range  of  +0.05  to  0.07  mm.  Manu- 

40  facturing  cost  can  be  reduced.  Furthermore,  as  the  outer  periphery  of  electronic  component  5  is  firmly  fixed  by  insulating 
film  3,  the  fixing  strength  of  electronic  component  5  is  increased.  A  large  mechanical  pressing  strength  acting  between 
terminal  6  and  conductive  circuit  pattern  2  makes  it  possible  to  use  the  wiring  substrate  in  a  bending  condition. 

Moreover,  compared  with  the  conventional  method  covering  the  entire  surface  of  electronic  component  5  by  insu- 
lating  film  3,  an  overall  thickness  of  the  mounting  substrate  can  be  reduced  by  an  approximately  1  0%.  When  electronic 

45  component  5  to  be  mounted  is  a  light  emitting  device  (hereinafter,  referred  to  LED),  undesirable  reduction  of  brightness 
at  the  upper  surface  of  the  mounting  substrate  can  be  effectively  prevented. 

In  this  embodiment,  materials  for  insulating  substrate  1  and  insulating  film  3  are  polyester  such  as  polyethylene 
terephthalate,  polyimide,  polyetherimide,  polyether-etherketone,  polysulfone,  polyethersulfone,  polyphenylenesulfide 
and  the  like.  Meanwhile,  conductive  pattern  2  is  made  from  conductive  paste  which  includes  conductive  powder  of 

so  silver,  copper,  palladium  or  the  like  scattered  in  polyester  resin  or  epoxy  resin,  urethane  resin  or  their  modified  or 
denatured  resin  which  have  better  adhesion  against  insulating  substrate  1. 

Second  Embodiment 

55  Fig.  3  shows  the  arrangement  of  a  second  embodiment  of  the  present  invention.  With  reference  to  this  drawing, 
the  characteristic  arrangement  different  from  that  of  the  first  embodiment  will  be  explained.  Thermohardening  insulating 
layer  8,  having  thermoplastic  or  heating  adhesive  property,  is  formed  on  each  of  insulating  substrate  1  and  insulating 
film  3.  Insulating  substrate  1  and  insulating  film  3  are  connected  by  locally  soldering  thermohardening  insulating  layers 

4 
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8  formed  on  the  confronting  surfaces  thereof.  With  this  arrangement,  connection  between  insulating  substrate  1  and 
insulating  film  3  can  be  facilitated. 

Insulating  layer  8  chiefly  comprises  vinyl  chloride  resin,  vinyl  acetate  resin,  polyester  resin,  urethane  resin,  or  their 
modified  or  denatured  resin  which  have  better  adhesion  against  insulating  substrate  1  and  insulating  film  3. 

5 
Third  Embodiment 

Fig.  4  shows  the  arrangement  of  a  third  embodiment  of  the  present  invention.  With  reference  to  this  drawing,  the 
characteristic  arrangement  different  from  that  of  the  first  embodiment  will  be  explained.  A  recessed  portion  9  is  formed 

10  on  insulating  film  3  by  embossing  finish.  This  recessed  portion  9  serves  as  a  receiver  into  which  the  main  body  of  an 
electronic  component  5  is  forcibly  entered  or  engaged.  Recessed  portion  9  has  a  size  equivalent  to  or  slightly  smaller 
than  the  outer  configuration  of  the  main  body  of  electronic  component  5,  and  the  main  body  of  electronic  component 
5  is  held  in  recessed  portion  9  by  forcibly  entering  the  main  body  of  electronic  component  into  recessed  portion  9.  With 
this  arrangement,  waterproofness  and  dustproofness  of  the  mounting  parts  can  be  assured. 

15 
Fourth  Embodiment 

Figs.  5A  and  5B  show  the  arrangement  of  a  fourth  embodiment  of  the  present  invention.  With  reference  to  these 
drawings,  the  characteristic  arrangement  different  from  that  of  the  first  embodiment  will  be  explained.  Bendable  pro- 

20  trusions  4A  are  provided  partly  along  the  inner  peripheral  sides  of  rectangular  opening  4  of  insulating  film  3.  Alternatively, 
slits  4B  are  provided  at  four  corners  of  rectangular  opening  4  to  make  sides  4c  bendable  along  the  opening  4.  With 
these  arrangements,  protrusions  4a  and  sides  4c  are  flexibly  bendable  when  the  main  body  of  electronic  component 
5  is  forcibly  inserted  or  engaged  into  opening  4,  so  that  electronic  component  5  can  be  firmly  held  at  its  side  surfaces 
to  the  opening  4  through  protrusions  4a  or  sides  4c.  With  adoption  of  the  arrangement  of  the  fourth  embodiment,  the 

25  mounting  accuracy  in  positioning  an  electronic  component  at  a  designated  position  is  increased  by  +0.  03mm. 
Table  1  shows  the  measuring  result  showing  how  the  configuration  of  opening  4  gives  an  effect  to  the  mounting 

accuracy  when  an  electronic  component  is  forcibly  inserted. 

TABLE  1 

I n s u l a t i n g   F i l m   M o u n t i n g   1 

A c c u r a c y   (mm)  j 
M a t e r i a l   T h i c k n e s s  

40  E m b o d i m e n t   1  PET  75  ± 0 . 0 7  

100  ±  0 . 0 6   ; 

45  
125  ±  0 . 0 5   | 

50 

55 

5 
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E m b o d i m e n t   4  (A)  j  PET  125  ± 0 . 0 3  
!  I  i  ' 

E m b o d i m e n t   4  (B)  125  ± 0 . 0 3   j 
!  i 

C o m p a r a t i v e   ±  0 . 1 0   t o  

E x a m p l e   ± 0 . 2 0   j 
i 1  1 

is  As  apparent  from  Table  1  ,  providing  opening  4  of  the  fourth  embodiment  on  insulating  film  3  assures  a  mounting 
accuracy  excellent  compared  with  the  data  of  comparative  example. 

Fifth  Embodiment 

20  A  fifth  embodiment  of  the  present  invention  will  be  explained  with  reference  to  the  drawing. 
Fig.  6  is  a  cross-sectional  side  view  showing  an  illuminating  switch  unit  manufactured  by  the  mounting  method  for 

mounting  an  electronic  component  on  a  wiring  substrate  in  accordance  with  the  fifth  embodiment. 
In  the  drawing,  reference  numerals  10  and  11  represent  a  pair  of  an  insulating  substrate  and  an  insulating  film, 

respectively.  An  insulating  layer  12  is  uniformly  printed  on  insulating  substrate  10  for  increasing  adhesion  of  insulating 
25  substrate  10.  Simultaneously  printed  on  insulating  layer  12  are  a  stationary  contact  14  constituting  part  of  a  switch  13 

and  a  conductive  pattern  1  7  for  a  light  emitting  device  (LED)  1  6  of  an  illumination  1  5. 
Insulating  film  11  ,  made  of  a  resilient  member,  is  provided  with  a  diaphragm  18  at  a  portion  opposed  to  stationary 

contact  14  of  switch  13.  This  diaphragm  18  is  formed  into  a  dome  shape  by  squeezing  finish,  so  as  to  be  collapsible. 
A  conductive  layer  19,  serving  as  a  movable  contact,  is  attached  on  the  lower  surface  of  diaphragm  18.  An  opening 

30  20  is  provided  on  insulating  film  11  at  a  position  where  terminals  16Aof  LED  16  are  brought  into  contact  with  conductive 
pattern  17  of  illumination  15.  The  main  body  of  LED  16  is  forcibly  entered  or  engaged  into  this  opening  20. 

Squeezing  finish  for  forming  diaphragm  1  8  of  switch  1  3  and  punching  for  providing  opening  20  of  illumination  1  5 
can  be  performed  by  sequential  press  working  using  the  same  dies. 

Furthermore,  an  insulating  layer  21  is  printed  partly  on  the  lower  surface  of  insulating  film  11  at  a  region  surrounding 
35  diaphragm  1  8  of  switch  1  3  and  at  a  region  surrounding  terminals  1  6A  of  LED  1  6  of  illumination  1  5.  This  insulating  layer 

21  increases  the  adhesion  to  insulating  layer  12  on  insulating  substrate  10.  Insulating  film  11  is  welded  in  the  region 
surrounding  terminals  16A  of  LED  16. 

The  above-described  arrangement  for  the  illuminating  switch  unit  makes  it  possible  to  simultaneously  forming 
switch  13  and  illumination  15  on  the  same  insulating  substrate  10  and  insulating  film  11.  Hence,  downsizing  of  a  switch 

40  unit  as  well  as  high  densification  can  be  realized,  while  reducing  manufacturing  costs. 
As  apparent  from  the  foregoing  description,  the  present  invention  makes  it  possible  to  easily  mount  an  electronic 

component  on  a  printed  FPC  which  does  not  accept  the  soldering  operation,  without  requiring  an  expensive  mounting 
machine  conventionally  used.  Thus,  the  mounting  procedure  can  be  simplified.  A  higher  mounting  accuracy  can  be 
assured  even  if  a  terminal  of  an  electronic  component  is  undesirably  short.  Furthermore,  the  reliability  in  electric  con- 

45  ductivity  is  enhanced,  and  the  fixing  strength  can  be  increased.  Accordingly,  it  becomes  possible  to  provide  an  excellent 
method  of  mounting  an  electronic  component  on  a  wiring  substrate  and  also  it  becomes  possible  to  provide  an  illumi- 
nating  switch  unit  manufactured  in  accordance  with  this  mounting  method. 

50  Claims 

1.  A  method  for  mounting  an  electronic  component  on  a  wiring  substrate,  the  method  comprising  the  steps  of: 

forcibly  inserting  the  main  body  of  an  electronic  component  into  an  opening  of  an  insulating  film  from  below, 
55  said  electronic  component  having  terminals  extending  from  ends  of  a  bottom  surface  thereof,  said  insulating 

film  being  made  of  a  resilient  member,  said  opening  having  a  size  equivalent  to  or  slightly  smaller  than  an 
outer  configuration  of  said  main  body  of  said  electronic  component; 
placing  said  electronic  component  held  by  said  insulating  film  on  an  insulating  substrate,  and  bringing  said 
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terminals  of  said  electronic  component  into  contact  with  a  conductive  pattern  formed  on  said  insulating  sub- 
strate;  and 
connecting  said  insulating  film  and  said  insulating  substrate  by  locally  soldering  a  region  surrounding  said 
terminals  of  said  electronic  component,  thereby  mounting  said  electronic  component  on  said  insulating  sub- 
strate. 

A  method  according  to  claim  1  ,  wherein  a  thermo  hardening  insulating  layer  having  thermoplastic  or  heating  ad- 
hesive  property  is  formed  on  each  of  said  insulating  film  and  said  insulating  substrate,  and  said  insulating  film  and 
said  insulating  substrate  are  connected  by  locally  soldering  said  thermohardening  insulating  layers  formed  on  said 
insulating  film  and  said  insulating  substrate. 

A  method  according  to  claim  1  or  2,  wherein  a  bendable  portion  is  formed  along  said  opening  of  said  insulating 
film,  so  that  said  main  body  of  said  electronic  component  can  be  held  at  its  side  surface  in  said  opening  to  said 
bendable  portion. 

A  method  according  to  claim  1  or  2,  wherein  a  recessed  portion  is  formed  on  said  insulating  film  by  embossing, 
said  recessed  portion  having  a  size  equivalent  to  or  slightly  smaller  than  the  outer  configuration  of  said  main  body 
of  said  electronic  component,  and  said  main  body  of  said  electronic  component  is  held  in  said  recessed  portion 
by  forcibly  inserting  said  main  body  into  said  recessed  portion. 

A  method  according  to  any  one  of  claims  1  through  4,  wherein  said  insulating  film  holds  a  light  emitting  device  in 
said  opening,  said  insulating  film  comprises  a  switch  portion  formed  into  a  collapsible  dome  shape,  a  movable 
contact  is  attached  on  the  lower  surface  of  said  switch  portion,  terminals  of  said  light  emitting  device  are  brought 
into  contact  with  said  conductive  pattern,  a  stationary  contact  is  provided  on  said  insulating  substrate  so  as  to  face 
with  said  movable  contact,  and  said  insulating  film  is  welded  in  a  region  surrounding  said  terminals  of  said  light 
emitting  device. 

A  method  of  manufacturing  an  electronic  device  including  a  method  of  mounting  an  electronic  component  on  a 
wiring  substrate  according  to  any  one  of  the  preceding  claims. 

An  electronic  device  including  an  electronic  component  mounted  on  a  wiring  substrate  by  the  method  of  any  one 
of  claims  1  to  5. 
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